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[IpakTH4HI 3aHATTS MPOBOJATHCS 3 METOI) 3aKPIIUICHHS TCOPETHYHUX
3HaHb CTYJCHTIB 3 JUCHUIUIIHK ‘“TeopeTHuHi OCHOBU BOJOOYHMCTKH.
JUis MiaroToBKM JIO iX BUKOHAHHS CTYJICHTY HEOOXIJIHO BUBYHUTH
BIJINOBIIHI PO3AUIM PEKOMEHJIOBAHOI HAaBYAJILHOI JIITEpaTypu 1 IIi
METOAUYHI BKA31BKH.

Temu npakTH4HUX 3aHATH: 1. PO3UIeHHS PIAMHHUX HEOIHOPIIHHMX
cucreM. 2. BincroroBanna. 3. OinbrpyBanHs. 4. LlenTpudyryBanHs.
5. Ancop6iis. 6. XimiuHi nporecu. 7. bioxiMiuHi MpoIecH.

1. Po3nineHHsl piAMHHUX HEOTHOPIAHUX CHCTEM

OCHOBHI 3aKOHOMIPHOCT1 TIpOLIECY PO3IUICHHS MOXHa OTPHUMATH,
BUXOASYH 3 HOTO Mamepianvhozo Oanaucy. Ins Bunaaky po3aiieHHsS
CHCTEMH, sIKa CKJIaJla€Thcd 3 ONHOpimHOI (asm, B sKiil po3mofineHi
YaCTKH JAUCIEPCHOI (a3u, MpuiMeMO MO3HAYCHHS:

- G.,G,,G, - BIINOBIIHO, MaCH BHUXIJHOI CYMIIIl, OCBITJICHOI PiIMHH Ta

OTPUMAHOr0 Ocajy;
- C,C,,C, - BMICT PEUOBHHHU y BUXIJHIH CyMmilll, OCBITJIEHIH piauHi Ta

r’

ocaji, B MACOBHUX JOJISX.
3a yMOBHM BiICYyTHOCTI BTpaT pIiBHSHHS MaTepialbHOrO OallaHCy
MpoIecy MaTHMe BT
- IS 3arajabHOI MaCu PEYOBUH

G.=G,+G, (1.1)
- JUIsL Macu UcCTiepcHoOi (a3u (PEYOBHUHM )
G.C.=G,C,+GyCy (1.2)

CrinbHe po3’si3yBanHs piBHsAHB (1.1) Ta (1.2) mae piBHSHHS A
BH3HAUCHHS MacH OCBITJIICHOT PiJIHHU:

C,—
Gp=Gc°—q; (1.3)
CO _C[’
Ta Macu ocajy
c.-C
G, =G, (1.4)
Co-C,

Ilpuknao 1.1. Bu3Hauuti MacoBy JOMIO TBepAoi (a3u Ta BOJOTICTH
ocajy BiJCTiliHUKa, SKIIO 3arajbHa Maca ocany G, = 8 T, Maca BUXIJHOT
cycnien3ii G, = 80 T, KOHIEHTpallis TBepAoi ¢a3u B HiA 1,5r/n, a B
ocBITIIeHIN Boai 15 1/iL.



Po36’a3zyeannsa. BuznauaemMo KOHIEHTpalii TBepoi pa3u y MacoBUX
IOJIsIX, 3Baxaroud, mo 1 r/m= 0,001 r/r, 1 mr/n = 10 r/r. Orxe, MacoBa
nonst TBepoi asu y Buxignii cycrnensii C. = 0,0015, a B ocBiTieHii
Bozi C, = 0,000015.

3anuiieMo cUCTeMy piBHSHb MaTepiaibHOro Oanancy (1,2):

80=G,+8;

80.-0,0015 = G, -0,000015 +8-C,;

3 mepuoro piBHSAHHA cUCTeMH G, = 72 (T); 3 Apyroro piBHAHHSI C, =
0,014865 (r/r). MacoBy nomo TBepaoi a3y MOXKHA 3HANTH TaKOXK 3a
dhopmynoro (1.4) :

Cy=(G, - (C,~C,)/Gy)+C, =(80-(0,0015-0,000015/8) +0,000015= 0,01486

Booricts ocany —
W,=100—C,-100=100-0,014865-100 = 98,51 %.

Ilpuknao 1.2. BusHaunt  e(EKTHBHICTH  OCBITICHHS  Ta
KOHIIEHTpaILifo TBepaoi (a3 OCBITIEHOI BOJM, SKLIO 3arajbHa Maca
ocany G, = 0,2 T, maca BuxinHoi cycrnensii G. = 80 T, KOHILEHTpAIlis
TBepoi ¢azu B Hiit 150,0 mr/m, Bonoricts ocany W, = 95%.

Po3é’azysanns.

MacoBa monst tBepaoi dasu y BuximHiii cycmensii C, = 0,00015; B
ocani C, = 0,05 = (1-95/100) .

3anucyeMo cucTeMy piBHSHBL MaTepiaibHOro Oanancy (1,2):

80=G,+0,2;

80.-0,00015 =G ,-C, +0,2-0,05;
3 1epIIoro BUpasy 3HaXOJAMMO MACy OCBITJIEHOI pinunu - G, = 79,8

T. 3rigHo i3 APYrHM pIBHSHHSIM OajaHCy MacoBa A0Js TBepaoi ¢asu B
OCBITJIEHIH BOAI -
c,=(G,C,~0,C.)/G,=80-0,00015-0,2-0,05)/79,8) = 0,000025 (/r)

a00 25 mr/n. EQekTHUBHICTD OCBITJICHHS CTAHOBUTH
E=100-(C.-C,)/C.=100-(0,00015 - 0,000025)/0,00015 = 83,33 %.

2. BincroroBanus

3ane)xHo Bif yMOB, TpaBiTaliiiHe OciJaHHA MOXe OyTH BUILHUM abo
CTHCHEHUM.

Binbne ocioanns xapaxkTepHe Uil MallOKOHIIEHTPOBaHHMX CyMilllei,
JUISL SIKUX JOMYCTHMO 3HEXTYBaTH B3a€MHUM BIUTMBOM CYCiIHIX 4acTOK



aucrepcHoi Gasu. B TakoMy BUMasKy 4acTka peuOBHHU T'YCTHHOIO O,
sgKa Ma€ EKBiBaJeHTHHH aiameTp d, B CTaHI PIBHOBAardM pPyXaeThCs B
PiIMHI TYCTHHOIO p PIBHOMIPHO i3 IIBUAKICTIO @, MiJ JI€I0 B3aEMHO
BpIBHOBaKEHUX CHII:

3

. nd
- TSOKIHHS (CIIPSAMOBaHA BEPTUKAJIBHO BHU3) . Pm8>
Ta COPSIMOBAaHUX y MPOTHIIEKHOMY HAMPSIMKY :

3
. . . nd
- BUIITOBXYBaJIbHOI (ApXiMenoBO7) - Pg
. . nd* @ 02c

- TIAPOIMHAMIYHOIO OIIOPY - ¢ T P

3BiACH MIBUIKICTH OCIAAHHS YaCTOK

o, = /4gd(pT—p); @.1)
3ép

ne & - koeilliEHT OMmopy CepeAOBHUINA, KU 3aJIKUTh BiJl pEKUMY PYXY
pinuaM (kputepito PeliHonbaca Re) Ta AilicHOT OPMH 4aCTOK.
3a HaMCPHUATIMBINIMX YMOB OCilaHHs (IpH JIAMiHAPHOMY DPEXHMI,
Re < 2), ToOTO B oOOmacti nmii 3axkoHy CTokca, KOe(IIiEHT OIOpy
CTAaHOBHTh
24 24u
&= Re @,.dp’

(2.2)

MakcuManbHUR JiaMeTp YacToK, sIKi OCsAayTh 3a YMoBH Re = 2,
JIOPIBHIOE:

36u’
PE(Pw = P)’
1€ M - AMHaMivHa B’S3KICTh CepeloBHILA (PIIMHH).

J1st cmucheno2o ocioans MBUIKICTh 3MEHILYEThCS Uepe3 B3a€MHHM
BILIMB YaCTOK 33 3aKOHOM:

0,123v° 18201
cm =woCT:; 360 Dem =wocV210 18 VZ); (24)

(2.3)

e v — 00’eMHa 4acTKa PigMHHM B HEOAHOPIAHINH cucTeMi (BOJOTICTh) —

Vv . . . . . .
v=—-="—: V,i V,- BiaNoBiaHO, 00’€MHU PiMHH i YACTOK B CHCTEMI.

Vy+V



Egexmusnicme BIICTOIOBaHHS B MPAKTHUIIl BOJOOOPOOKH BHU3HAYAETHCS
yepe3 mnouatkoBy C, Ta kiHneBy C, KOHIIGHTPAILI0O YacTOK
JICIIEPCHOI (ha3u (3aBUCIIUX PEUOBHH):
E=1005—C%, % (2.5)
C,

Ilpuknao 2.1. BuzHauuTH MakCHMaJNbHUHA PO3MIpP YaCTOK TYCTHHOIO
1,6 r/eM’, siki OCAAYTH Y BOJI 3 KOe(il[ieHTOM JTUHAMIYHOI B’ SI3KOCTI [ =
0,01 cIT3 ta ryctuHo0 1,0 I/cM’ pH TaMiHApHOMY pexuMi Teuii.

Po3zeé’azyeanns.

3a dopmysioro (2.3) (migcraBiseMo 3HaUeHHs y cuctemi oquHuiln CI)
MaKCUMAaJIbHHI PO3MIpP YaCTHHOK CTAHOBUThH, MM

2
A, =3 36 - 0,001 = 0,000183 (m) = 0,183
1000 - 9,8 - (1600 —1000)

[NepeBipuMO MIBHIKICTH OCiIaHHS TaKMX YacTOK Yy BOJI 3a 3aKOHOM
Crokca, M/c:

3 d*(p, - p)g _0,000183 2 % (1600 —1000)x 9,8

o 184 E 18 x 0,001
100TO 11 MM/c. Uncio PeitHonbaa 3a TaKMX YMOB JIOPIBHIOE:
o,dp  0,011x0,000183x1000
u o 0,001

10 3 IOCTAaTHBOIO TOYHICTIO 33/I0BOJIBHSE TIPUITYILEHHS, 1110 Re = 2.

Ilpuxnao 2.2. Bu3Ha4uTH MIBUJKICTH CTUCHEHOTO OCIJIaHHS 4aCTOK
cycrneHsii, skmo o0’eMHa wacTka TBepaoi ¢asu craHoButh 0,1, a
MIBUIKICTH BIIBHOIO OCIIaHHS 4acTOK — 1,4 MM/cC.

Po3é’a3yeannsa. O0’eMHa YacTKa PilMHU CTAHOBUTH v = 1- 0,1 = 0,9.
3a popmyiioro (2.4) MBHUIKICTH CTUCHEHOT'O OCIJaHHS CTAHOBUTH, MM/C:

©,, =1,4-0,92-107820-099) — .52

=0,011

Re = =2,01

3. DinbTpyBaHHA

Mexanizm npoyecy (inbTpyBaHHS BHU3HAYAETHCS 3aKOHOMIPHICTIO
3pOCTaHHS OINOpPY TPOTSIroM (UIBTPYBaHHS. 3a II€0  03HAKOIO
PO3PI3HSIOTHCS ACKibKa BUIIB (UIbTPYBaHHS, BCTAHOBJICHHS OJHOTO 3
AKX B KOHKPETHOMY TMpoIleci 3IiMCHIOEThCA MJOCHTH JIETKO 3a
MPSIMOJIIHIMHICTIO 3aJISKHOCT1 SIKOTOCh 3 €KCIIEPUMEHTAIbHUX rpadiKiB,
mo0OyI0BaHUX B TIEBHUX KOOpauHaTax (Tabm.3.1).



i
Bci  rpagiku  (muB. puc.3.1) dl

OyIAyrOTbCsA 3a JAHMMH OJHOTO i \\

TOT'O K EKCIIEpUMEHTAIBHOIO A e
¢GinpTpyBaHHs Ha  JIAOOpaTOpHIi -
YCTaHOBIII

I 22 g

%

Puc. 3.1. TIlpuknagun moOynoBu
rpadikiB JUTSt BCTAHOBJICHHS
MexaHi3My (QiapTpyBaHHS — 9

Tadoauns 3.1. Knacudikauis BuaiB QinbTpyBaHHS
Koopnunaru, 3a sikux rpagik
npouecy GuUIbTPYBaHHS €
MPSIMOIO JTIHIEI0

Bup npouecy
¢GiTbTpyBaHHS

y YTBOpeHHs LIapy ocaay Ha
9 -v4 (GinbTpyBaIbHIN NEPETHHIL
[TocTynoBe 3aKyHOpIOBAHHS OPU

T -7/ ]
KUJTbKOMa YacTKaMu
AV [ToBHE 3aKymOpIOBaHHS MTOPH OIHIEO
TBEP/I0I0 YACTKOI
T-1ow [Mpomixkau# BU QidbTpYBaHHS
TYyT: ¢ - TUTOMHHA 00’eM opepkaHoro ¢uIbTpaTy; @ - HIBHIKICTh

(GUIBTpYBaHHS; T - TPUBAIICTH (UIBTPYBaHHS.
OcHoBHe piBHsIHHA (QUIBTpYBaHHS 3anponoHoBaHe Pyrom-Kapmanom

y TaKOMY BHTJISIII:

av AP

Sd t .u(Roc+R¢n)
ne V — o0’em Qinprpary; S - 1wioma NOBepxHi (iAbTpYBaHHS, T -
TpuBajicTe (inbTpyBaHHS; AP - BTpaTh THUCKY Oe3locepeqHbO Ha
¢binbTpyBanbHii neperuHNi (pymIiiiHa cuia mpouecy); R, - omip mapy

3.1)

ocaxy; R,, - onip QiIbTPYBaJbHOI HEPETHHKH.

[TeperBopenns piBHsHHS (3.1) NUISIXOM HOTO iHTErpyBaHHS 3AJISKUTh
BiJl TOTO, SIKI YMOBH 1 SIKMH MEXaHI3M peali3yeThCsi B KOHKPETHOMY
npoueci. lle piBHSHHS y3araabHIOE yCi BHAM  HPaKTHYHOTO
(GUTbTpyBaHHA: Bil OCBITJIICHHS PiivH Ha (DiNBTPax i3 MIapoM 3epHUCTOTO
GinpTpaIiiiHOrO 3aBaHTAKEHHS 1O 3HEBOJHCEHHS OCAJliB Ha BaKyyM-



¢inbTpax un QineTp-pecax, oOIaTHAHUX CYLUTBHOI (PLIBTPYBATBHOIO
MEPETUHKOIO.

Posrisinemo ans mpuknany poss’s3yBaHHS piBHsSHHA (3.1) mis
MOIIMPEHOr0 B TEXHOJIOTIi BOJOOOPOOKH BHIAIKY Qinbmpysants 3
VMBOPEHHAM HeCMUCIU8020 0cady Ha HECTHCIHBIH (QiIbTpyBanbHIN
neperunui. Ilpy oMy Ry, 3aIHIIAETHCS NPAKTUYHO HE3MIHHHM, a
OIip ocajy 3aJISKUTh BiJl TOBIIUHH HOTO MIApPY:

R, =1r h

oc

(3.2)

oc

ne r, - TUTOMUH Omip ocany; h, - TOBIIMHA LIapy OCasy.

oc

Bpakarouu, mo 00’eM ocajly pOHOpIiiHUI 00’ €MOBI OJEPIKAHOTO

. Vv
¢inbTpaty, h, =x, 5 (3.3)
ne x, - o0’eMHUil KoeillieHT MPONOPLIHHOCTI, OTPUMAEMO:
dv AP

= (3.4)

Sd V
T p(nx, o R;,)

OCKiTbKU U1 HECTUCIIMBOTO Ocaly Fr, Ta x, HE3MiHHI, Ta 3

0 0

ypaxyBaHHSIM TOrO, IIO MPOILEC PEATi3YETbCsl MPH TOCTiIHHIN pi3HMII

THUCKY, PO3JIUTMBINY 3MiHHI B piBHsAHHI (3.4) 1 mpoiHTerpyBaBux Horo B

inTepBani Bix 0 1o, BignosigHo, T i V, orpumaemo:

Ry, S APS’
Y

FoXg Hry Xy

3 ypaxyBaHHSAM OYEBUIHOIO CIIBBIJHOWIEHHA Ry, << I,

vii2 T (3.5)

OTpUMaHe PIBHAHHS CIIPOILYETHCS A0 OCTATOYHOTO BUTIISY:
2
_ APS
Hryg Xy
Ilpu @inempysanni 3 nocmynosum 3aKynOPIOGAHHAM HNOp HIAP
0Ccajly He YTBOPIOETBCS, B 3B 513Ky 3 UMM B PiBHsAHHI (3.1) 3anmuimaeTbest
TiNbKH omip (iIbTpYyBaibHOI MEPETUHKH, MOYATKOBA BEIHMYUHA SIKOTO
BH3HAYAEThCA 32 piBHAHHIM [ areHa-Ilyaseits:

y 2 T (3.6)

81,

R,, = —— 3.7

¢n ﬂrk"N & ( )

ne [, - noBxuHAa Kamiispa INOpH B HampsMi (iIbTpyBaHHS;

¥, - eKBIBaJIGHTHUH pajiiyc Kaniiipa B MOMEHT I04YaTKy (iIbTpyBaHHS;



N, - KUIbKiCTh OJHAKOBHMX KaIlIApiB Ha OAMHMUIN IUIONI IOBEpPXHI

¢GiTbTpyBaHHS.

BpaxoByrouun, 1110 o0caj, BiIKIaJarOuMCh Ha CTIHKaX KamiIsapis,
3MEHIIY€e iX EKBIBaJIGHTHUH pajiyc MPONOPLIHHO MHUTOMOMY 00’ €My
dinerpaty dg, orpumaemo GanaHCOBE PIBHSHHSL:

xodq = =N, 27rl  dr (3.8)
Je r - IOTOYHA BeJTMYMHA pajiiyca Kamispa
Iarerpytoun piBasiHHSA (3.8), OTpUMaEMo:

N7l
= Nl 22y (3.9)
o
3 pieasiaHa [arena-Ilyazeitna (3.7) mBHAKICTE (iTbTpyBaHHS
JIOPIBHIOE:
4
_ nAPN ,r (3.10)
8ul,
3BIIKM BU3HAYAIOTHCA PO3MIPH KaIJIspiB:
= BH@0 gy ph = S (3.12)

N AP N, AP
A€ @, - WBUAKICTh (UILTPYBaHHS HA I0YATKy NpOLECYy; @ - NOTOYHA

HIBHJIKICTD (DLTBTPYBaHHSL.

Ilpuknao 3.1. BcranoBuTM MexaHi3M (QiTbTpyBaHHS, SKIIO 3a
pe3ynbTaTaMHi eKCIIepUMEHTaIbHOr0 (inbTpyBaHHS yepe3 QiIbTp
miomero 1 M° Bu3HAueHmil 06’eM V dinbTpary uepes meBHi mepiomm
qacy:

Vomn 10 20 30 40 50 60 70 80 85

zc| O 15 50 120 | 210 | 330 | 480 | 650 | 900

Po3é’a3zysanns.

Jis moOymoBu rpadikiB po3paxoByeEMO 3HAUEHHS TOYOK Y PIi3HUX
CUCTeMaX KOOpJIWHAT: ¢ -7/q, ¢ - ©, T -74, T-1l/®

[Mutomuii 00’eM QinbTpaTy ¢ BUBHAYAEMO SIK KITbKIicTh V; QiibTpaTy,
OTpUMaHy 3a MepioJl 4acy 7, BiJHECEHY JI0 TUIOMIi QiTbTPyBaHHS.

IBuAKicTs QITBTPYBaHHS @ BU3HAYAETHCS SK BiHOIICHHS BUTPATH
q» SKa HafdilLIa 3a 4ac Af, 10 UHOr0 MPOMDKKY 4Yacy.

PesynpraTi po3paxyHkiB HaBezneHi B Tabm. 3.2.




Tadauus 3.2. PesynbraTn po3paxyHKiB

T 0 | 15 | 50 | 120 | 210 | 330 | 480 | 650 | 900
q 0 | 10 | 20 | 30 | 40 50 60 70 75
/4 0 | 1,5 25] 40 ]525] 6,6 8,0 9,3 112,0
q: 0] 10 10 10 10 10 10 10 5
At 0 | 15 | 35 | 70 | 90 120 150 170 | 250
w=¢q/At| 0 |0,67]0,29]0,14 | 0,11 ] 0,083 | 0,067 | 0,059 | 0,02
l/w - | 1,5 135]1701]90 ] 12,0 | 150 | 17,0 | 50,0

Mexanism (iIBTpyBaHHS — 3 YTBOPEHHSIM IIapy OcCajy, OCKiTbKH
npsiMa JIiHIS OTpUMaHa B KoopauHatax T - 1/ o.
Ilpuknao 3.2 Bu3HauuTu 3HAYEHHS MUTOMOTO OMOPY (iIBTPYBaHHIO
ocagy Ta  (QUIBTpyBaJIbHOI TMEPETMHKM Ha  IMIJACTaBi  JaHHUX
CKCIEPUMEHTAILHOTO  (pUIbTpyBaHHS Ha QUIBTPI 3  (QUIBTPYHOUOIO
noeepxuero S = 0,05 M°, npu mepenani Tucky AP = 49100 Ila, npu
temmeparypi 20 °C. Ilutomuii 06’eM ocamy 3 Im> dinerpary x, =
0,012 M*/M’. B’si3kicTs BoaM u=0,001 ITa.c

7,c 70 145 225 335 455 770

V,n 10 15 20 25 30 40
Po36’azyeanna. IlincraBisiroun B piBHSHHS (3.4) 3HAYEHHS MHTOMOI
BUTpaTH QiNbTpaty ¢=V/S, OTpuMaeMo: dq AP ;

dv  p(ryxeq+ Ry,)

e : T _nxop  Run

[Ticns iHTErpyBaHHS MaTHMEMO: —= g+ ——
q 2AP AP

3a eKkCrnepuMEHTAIFHUMH JaHHMH pO3paxOBYeEMO TOUKH TIpadika
3aJIOKHOCTI 7/4 Bi g :

32 0,2 0,3 0,4 0,5 0,6 0,8
T/qenons| 350 480 562 670 758 962

3ragyrouu MaTeMaTUKy Ta IMOJABIIN PiBHSHHS 5K

R
1=aq+b, ze =r0x0u;b= ¢,,,u;
q 2AP AP
BHU3HAYHMMO @ SIK TAHTEHC KyTa f HaXWIy MpsMoi 10 oci abcuuc:
962 — 350
a=1tgf =——7= 1020,
P =98-02 ’

10



KXol _ 7,-0,01-0,001
2AP 2-49100
OTXe, r, = 10" Ta.c/v’.

1, -1,02-10"°=1020,

T . .
3 ymoBH, 1o npu ¢ =0,2,—=350; Ta MACTABIAIOYM Ii 3HAUEHHS B
q

3arajbHe piBHSIHHI: 350 =1020-0,2+ b,

R
3HAXOIUMO b =146 =¢—"u;
AP
3Bincu Ry _146- D100 _ 55 10° Ma.civ
0,001

4. HenTpudyryBanns

LentpudyryBanusi 3IiCHIOETECS 3 BUKOPUCTAHHSIM CYIUTBHHX
(BimmeHTpoBe  oca/pKeHHs)  abo  imkTpyroumx  (BIALIGHTPOBE
(GUTbTpyBaHHA) TOBEPXOHB POTOPIB LEHTPUDYTH.

BiguenTtpoBa cuina, sika Ji€ Ha Macy m Tpu paziyci oOepTaHHS r ,
JOPIBHIOE

F,=mao*/r 4.1)
€ @ - OKpYXXHa HIBHJKICTh OOepTaHHS MPH KiNbKOCTI n 00epTiB 3a
CEeKyHIY: o =2mr

3 ypaxyBaHHAM IIbOTO, BIALIGHTPOBA CHJIa BH3HAYa€ThCcAd 32

(hopmyor0
F, =4z mn’r 4.2)

Ha 1y % macy, 1o 3HaX0AUThCS B TOJII TpaBiTailii, /i€ Cuia TSOKIHHS
F =mg.

BijgHomeHHsT BIAIGHTPOBOT CHJIM 0 CHJIM TpaBiTallii Ha3UBAETHCS
@axmopom poszdinenns K, ~ sAxuil 1mokasye, HACKUIBKM CHJIM IpU
HeHTpu(yryBaHHi MepeBa)karoTh CUJIHM, SIKi AilOTh MPH TpaBiTalliiHOMY
BiJICTOIOBaHHI:

K,= 4r’nr/g ~ 4n’r (4.3)

31aTHICTH 0 PO3AUICHHS BIACTIHHHX Ta (QUIBTPYIOUHX HEHTpHYT

XapaKTepU3yeThCsl iHOekcom npoodykmuenocmi I, KU Bionosigae

wiomi BiAcTiiHUKa (Twiom QuIbTpy), 1m0 HOMY eKBiBaJleHTHa

uentpudyra 3 miomer F MuIiHApUYHOT MTOBEPXHI OcaJHKEHHs B pOTOPi
HeHTpudyTu:
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I,=FK} 4.4)
ne m - Koe(illieHT, SKUH 3aNeKUTh BiJl PSKUMY OCAKEHHS YacTOK B
poropi: m = 1 mns naminapHoro, m = 0,715 nns nepeximgnoro i m = 0,5
JUIsl TYpPOYJIEHTHOTO PEXKUMY.

[Mnoma mnoBepxHi ueHTpudyru aiamerpoM D AOBXKHHOKO L TpH
Cepe/Hii TOBINMHI 11apy ocany h nopiHioe: F = m(D-h)L. BianorigHo
(hakTOp PO3IUICHHS Ta IHICKC MPOIYKTUBHOCTI 6idcmitinoi neHTpudyru
npu m = | BU3HAYAIOTH 32 HopMylIaMH

K,=4n*(D-h)/2; (4.5)
I,=2nL(D-h)'n’ (4.6)

3MeHIleHHs IifiCHOT MPOAYKTHUBHOCTI LEHTPUPYTH Q, MOPIBHSIHO 3

TEOPETUUHOIO Q,, XaPAKTEPUYETHCS KoepiyicHmom epekmusrHocmi
£.=05/2,, 4.7

SKHH BU3HAYAETHCS EKCIHEPUMEHTAIRHO /sl KOXXKHOI KOHCTPYKIIii
neHTpudyr.

Biocmiuni ma ¢gpinempyroui  yewmpugyeu po3paxoByIOThCS B TaKii
MOCIiTOBHOCTI:

- BU3HAYAEThCs CepeHiil paiyc r,, =(r, +r.)/2 nentpudyrysannus,

BUXO/SIUM 3 BEIMYMHU pajiyCy F, pOTOpa Ta F. 3allOBHEHOI 0CaaOM
ueHTpudyry;
- BU3HAYAETHCA 1HIEKC MPOLYKTUBHOCTI I, BUOpaHOi LeHTpudyru;
- PO3pPaxOBYETHCS TEOPETHUHA MPOAYKTHBHICTE O, IEHTPUDYTH:
0= aly; (4.8)
ne o Jaias  giocmivnux  UEHTpUuyr € 0aXaHOW  IIBHJIKICTIO
@, OCA/PKEHHS YaCTOK CYCIEH3li Ml Mi€0 CUIl THKIHHA, a Uit

0
¢inempyrouux neHTpudyr — cranor QGUIBTPYBaHHS, SKa 3aJISKUTh BiJ
BJIACTUBOCTEN 0Cajay 1 BU3HAYA€ThCS EKCIIEPUMEHTAJIBHO;

- YTOYHIOEThCA JifiCHa MPOMYKTUBHICTh Qp LEHTpU(]YTH 3 BiTOMUM
koedinieHToM & eeKkTUBHOCTI anapaTiB BUOPaHOTO TUITY;

- BHM3HAYAEThCS MOTPIOHA KIUIBKICTH LEHTPU(YT JUIS TepepoOKU
3a71aHOl  KiTBbKOCTI Q CyCreHsil: N=0/0,. (4.9)
Ilpuknao 4.1. BusHaunTH 1HIAEGKC MNPOAYKTHUBHOCTI QiIbTpyrouoi
uentpudyru 3 paxgiycom poropa 0,35 M, moexkuHoro 1,8 M, sKui
obepTaeThes 3 mBHAKICTIO 3600 06/xB. ToBUIMHY LIapy ocaay NPUHAHATH
6 cM.
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Po3zé’a3yeanns. l1IBuakicte o0epranus poropa rn = 3600/60 = 60 ob/c.
dakTop pO3MUICHHS IEHTPU(YTH 3 MIapoM ocady (CepemHid pajiyc
poropa r,=(0,35-0,06/2) = 0,32 M) 3Hax0nuMO 3a popmynoro (4.2):

2 2.
K, =4nr, =4-60%-0,32 = 4608

[Tnoma ¢insrpyBanns: F=2ar,L=2- 3,14 - 0,32 - 1,8 =3,617 M
[HIeKC MPOAYKTHBHOCTI 3HAXOAUMO 3a Gopmyioro (4.4) mpu m = 0,5
JUTSL TYPOYJIGHTHOT'O PEXKUMY: I,=3,617-4608 05 = 246

Ilpuknao 4.2. BuzHauuTH TEOPETHYHY MPOAYKTHUBHICTH OCAKYBaIbHOL
uentpudyru 3 poropom giamerpom 0,3 M, AoBkHHOIWO 1,5 M, KU
obepTaernest 3 mBHAKicTIO 3000 06/xB. ToBUIMHY Iapy ocaay NPUHAHATH
6 cM. ['igpaBniyHa KPYIHICTh YacTOK, SKi 3aTPUMYIOTHCS LIEHTPUDYTOIO,
1,4 mm/c.

Po3zé’szyeanns. daxtop po3aUIeHHS UCSHTPUPYTH 3 MIAPOM OCAdy
(cepenniii paaiyc poropa rg,=(0,3/2-0,06/2) = 0,12 M) 3HaX0AUMO 3a
dopmyioro (4.2): K, =4n’r, =4-(3000 /60)* - 0,12 = 1200

[Tnoma ¢insrpyBanns F=2nr,L=2-3,14- 0,12 - 1,5=1,13 M
[HIeKe TPOaYKTUBHOCTI 3HAX0AMMO 3a Gopmyiorw (4.4) npu m = 0,5
quis TypOyneHTHoro pexumy: I, =1,13x-200"° = 39

3a popmyiioro (4.8) TeopeTHUHA TPOTYKTUBHICTh CTAaHOBUTH
0,=0,0014 - 39 =0,0585 v’/c = 210,6 m’/ron.

5. Ancopouis

AncopOlliss BAKOPUCTOBYETHCS YIS TIIMOOKOTO OYMIIEHHS BOJH, KA
MmiJnagae T BU3HAYEHHS pPO3BEIeHMX po3uuHiB. KoedirieHT
PO3MOUIEHHS JIJISl TAKUX CUCTEM BBAXKAETHCS CTAJIO BEITMYUHOIO:

A
K=—= t; 5.1
c = cons (5.1

ne A 1 C - piBHOBaXHI KOHIEHTpalii pO3MOALIEHOT PEUOBHHU
BIIMOBiIHO B a7ICOPOEHTI 1 y BOMTHOMY PO3UHHI.

Cmamuunoio axmusHicmio aocopOenmy Ha3UBaIOTh MaKCHUMAaIbHY
MUTOMY KUTBKICTh TOTJMHYTOI PEYOBMHHU MpPU TMEBHIH i piBHOBaXKHIN
KOHIIEHTpAIlil B PO3YHHI.

BanaHcoBe piBHSIHHSI ITPOIECY CTATUYHOI aJICOPOIIiT Mae BUTIIS

Gl'4,+GC, =G4, +G.C,; (5.2)

Ie G,f‘,G,f,Gf,G,f - BIMIOBIIHO, Macu aJICOPOSHTY 1 BOJM JIO 1 Mmicis
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mpouecy axncopbuii; A,,A,,C,,C, - BIANOBIIHO, KOHIEHTpALii
pPO3MOINIEHOT PEUYOBMHU B aJCOPOCHTI 1 y BOAL JIO 1 MICHsl MpoLecy
azcoporii.
BpaxoByroun odeBuHi cnipomenns, (G2 =G =G ; G =GP =Gy)
Ta BHUXOASYM 3 IIOYATKOBOI YMOBH A,=0, LIUIIXOM IPOCTOr'0
nepeTBopeHHs piBHSAHHA (5.2) oTpuMaeMo
C,-C.= (GA/GB)AK (5.3)
[To3HauMBIIK SIK M TIUTOMY BUTpaTy ajacopbeHty, m=G,/Gg, i
BUKOPUCTOBYIOUH 3HAaueHHs KoeilieHTa po3moaily B MpoIleci,

K=A4,/C,, BusHaunMo e(eKT OJHOCTYIECHEBOr0  CTATUYHOIO
aJICOPOIIIITHOTO OYMILEHHS BOJIH
1
c/C,=—— (5.4
«/Cu 1+ mK
Hanst Rn-CTYIICHEBOI  TOCHTIJIOBHOI  CTaTM4HOI  ajicopOmii 3

BUKOPUCTAHHSIM B KOXHOMY CTYIEHI CBDKOro ajacopOeHTy, MHTOMa
BUTpATa IKOTO M, ePEeKT OUHNILEHHS CTAHOBUTHME
1
c./C, e mK) (5.5)

Amnainiz piBastHHA (5.5) CBimYMTH, IO 3AaTHICTH aACOPOEHTY a0
MOTNIMHAHHA ~ 3HAYHO  TIOBHIIIE  BHKOPUCTOBYETHCS MpPH  HOTO
0araToCcTyreHeBOMY JpOOOBOMY BBEIICHHI, TOMY TakKa TEXHOJIOTIs
JIO3BOJISIE OTPUMATH Kpallly SKICTh OYMIIEHOI BOAM IPH OJHAKOBIM
BUTpATi aicopOeHTy a0 CyTTEBO 3MEHIIMTH HOro BUTPATy MPH 3aJaHii
SIKOCT1 OYHILIEHOT BOAH.

Ancop0OeHT, SKuii HaCHYEeHH JI0 cTaHy piBHOBAard B PO3YUHI MEBHOI
KOHIIGHTpAIlil, MOXX€ JIOJIaTKOBO TMOMIMHATH PEUYOBUHY, SKIIO HOro
MOMICTHTH B OUIBII KOHIIGHTPOBAaHWH PO3YMH Tiel X pedoBUHH. Llei
BHCHOBOK MIATBEPIXKYETHCS XapaKTepoM KpHBOI pIBHOBard i BiH €
OCHOBOIO ISl MeXHOI021i adcopoyii 3 npomumeuicio.

Edexkr mn-cryneneBoro aacopOLiHOIO OYMIICHHS 3 MPOTHTEYI€I0
CTaHOBHTH

mK —1
(mK)n+l -1 :

[ikaBo, 110 OCTaHHE PIBHSAHHS (a 3HAYUTH, 1 CTYIIEHEBA a7COPOIList 3
MPOTUTEUIEI0) MAIOTh TEBHUH (I3WYHMI CEHC IMIIe TNpPU 3HAYEHHSIX
mK > 1.

C./C,= (5.6)
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Kinpkicte crymeHiB n s 3abesnedeHHs OaxkaHoro edekry
OYMIIICHHS TIPU TIOCHIIOBHIH aicopOrii

In(C,/C
__In(¢,/C) (5.7)
In(1+ mK)
1 mpu afcopOii 3 MPOTUTEUIEIO
in(C (mKC— D+C,,
= K 5.8
" In(mK) 58

Butparta ancopOeHTy mpu  m-CTyNEHEBid MOCHilOBHIM ancopOuii

Oyne (5.9

a Ty aIcopOIIii 3 MPOTUTEUIEI BU3HAYAETHCS 3 PIBHSHHS:

(mK)"+‘-ﬂ(mK+1)—1=0 (5.10)
CK

Jlunamiyna  adcopbyis ~ AOCSTAETbCs  UUISIXOM  (piIbTpyBaHHS
3a0pyAHEHOT BOJU Uepe3 map ajacopOeHTy. JMHaMidyHa aKTUBHICTD 1Py
a7icopOeHTy BU3HAYAETHCS CEPEIHBOI0 B LOMY IIApi KOHIEHTPAIIEI0
aIcOpOTHBY, sIKa TOCSATAETHCS B MOMEHT HOTo MOSIBU y (PiIbTparTi.

Xapaxkrep niepe0iry nporecy ancopOiii y yaci 3aJeXuTh Biji TOro, B
SKOMY PEKUMI — MEPiOINIHOMY 4K Oe3repepBHOMY, - BiH pealli3y€eThCs.
Po3inenns pexuMiB Ha nepiouyHi Ta Oe3MepepBHI OB’ I3aHE, MEpI 3a
BCe, 13 CTAHOM, B SIKOMY TiepeOyBae B polieci map aJcopOeHTy: Oye BiH
HEPYXOMHUM YU PYXOMUM.

[Nepiognuni nmporiecu ancopOIlii 3 HEPYXOMHUM aJICOPOCHTOM JIOIUTbHI
3 TOUKH 30pY BUKOPUCTAHHS MOTJIMHAIOYOI CIPOMOKHOCTI aJIcCOpPOEHTY 1
TOMY BapTO PO3MIISIHYTH iX TIEBHI OCOOIMBOCTI.

Aximo g0 mapy 4YucToro ajcopOeHTy Oe3lepepBHO HAAXOIUTH 1
pyXaeTbcs depe3 lel Iap, HampHKIa, B HANpsSMKy 3BEpXy BHH3, B
PEXHUMI iI€abHOTO0 BUTHCKYBAaHHS IMOTIK BOJHM 3 IIEBHOIO MOYaTKOBOIO
KOHIICHTPALI€I0 PEUYOBHHH, TO Yepe3 SIKMICh MPOMIKOK Yacy Ha MepIii
3a pyxoM NOTOKY (JI0OOBii un ppoHTaNBHIN) AiNSHII mWapy aacopOeHTy
BCTAHOBUTHCS pIBHOBara 1 TIOrJIMHAHHS —aJICOPOTHBY MPAKTHYHO
3yMUHUTHCS. ToMy MOTIK "Mpockakye" depe3 IO OUISIHKY Oe3 3MiHH
KOHIIEHTpAIil, a 30Ha TOTrJIMHAHHS TEPEMICTUTHCS B HACTYNMHHHA 32
JIOOOBHM IIap aJCcoOpOCHTY.

SxOu IBUAKICT TOMIMHAHHS Oylla HECKIHYEHHO BEIHKOIO,
a7copOIlisi B HACTYNMHHMX IIapax MPOXoawja O JIUIIe MiCis MOBHOTO
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HACHYECHHs aJcOpOTHBOM MoOmepenHiX mapiB. Ase depe3 CKiHUCHHE
3Ha4YeHHS MIBUIKOCTI Macollepenadi po3noill aacopOTUBY MO TOBIIMHI
mapy NpOXOAWThH IJIaBHO, 3 YTBOpeHHSM (poHTy ancop6Omii. Yepes
JesKUid CKIHYeHHUH TPOMDKOK Yacy Bif MOYaTKy mpoiiecy mpodiisb
¢pouTy ancopOuii cTabUTi3yeTbess 1 CTae MPAKTHYHO HE3MIHHUM.
TpuBamicte po0OTH mApy aaCcOpOEHTY 1O TaKOro HACHYEHHS HOro
7000BOi AUISIHKH B TIEPIOAMYHOMY TMPOIECi HAa3WUBAETHCS MEpPiooM
¢dbopmyBanHs GpOHTY afcopOwii i TO3HAYAETHCS Yepe3 7, .

TakuM 4yrHOM, 30HA aJCOPOIIIl MEPECYBAETLCS 3 YACOM II0 BChOMY
mapy aacopOeHTy BIIMO 3 TEBHOIO IUIABHOIO 3MIiHOIO KOHIIEHTpAIlii
ancopOTHBY B 30HI. Ll 3MiHa KOHIEHTpalii MPOTIKae MO-pi3HOMY s
7000BO1 Ta HACTYIHHX JIUISTHOK LIapYy.

[Ticns 3akiHdeHHs nepuioro nepiogy GopmyBanHs GpoOHTY aacopOii
B HEPYXOMOMY IIapi ajacopOeHTy TOYMHAETBCA IpPYruil mepion -
napajenbHOro IMepeHocy cramioHapHoro GpoHTY azncopOuii, sSKui
XapaKTePU3YEThCS TIEPEMIIICHHSAM HE3MIHHOTO MPO(iIF0 KOHIICHTPAIIiN
3a HaNpsIMKOM IOTOKY 3 ACSKOIO MOCTiHHOO MIBUKICTIO U.

[NounHatoun Big MOMEHTY BUXOIYy 3 Iapy aAcOpOEHTY TOUYKH (HPOHTY
3 HYJbOBOK KOHI[CHTPAIIIEID, IO BIJANOBia€ MOYATKY "MPOCKOKY"
a7IcOpOTHBY, 3aBEpIIAEThCA MEpioy ajucopOmidiHOl abo 3axucHOl il
mapy.

Taka copomieHa MoOAedb  TMPOIECY  IEPIOMUYHOI  afcopOIii
HA3UBAETLCS MOOELII0 NOWAPOBO2O ((PPOHMAIbHO20) GIONPAYIOEAHHS
wapy aocopbenmy.

HinsHka mapy ajacopOeHTy IOBXHHOIO [,, Ha SIKill 3MIMCHIOETHCS
CHaJiaHHs KOHIICHTpAIllii aJcopOTHBY B TOTOIl BiJl MOYaTKOBOI JIO
HYJbOBOI KOHIIGHTpAIil, HA3MBAETHCS MPAIIOIOYUM IapoM abo 30HOI0
Maconepedaui.

PiBHSIHHS peXUMY MapajeinbHOTO MEePEeHOCy 3 MOCTIHHOKI MBUAKICTIO
¢poHTy ancopOrii BU3HAYaE TPUBAIICTh 7, (MPOCKOKY) 3aXMCHOI Ail

np
l

mapy ajgcopOeHTy Tp = ;+ 7, (5.11)

Bapro 3ayBaxkuty, 110 MMOYATKOM "IPOCKOKY' BBAXKA€THCS MOMEHT,
KOJIU BUXiJHa KOHIICHTpAIlii PSYOBHHHM CTAHOBUThH OJIM3BbKO 5 % Bix ii
MMOYATKOBOI KOHIIGHTpAIIl.
Ilpuknao 5.1. BuszHauuTd mnWUTOMY BUTpaTy aacopOeHTy Ha
OJHOCTYIIEHEBY CTAaTH4HY aJcopOLif0 MpH KoeimieHTI po3noainry
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K;=180, sKio Jis aHAJIOTIYHMX YMOB IUTOMAa BUTpaTa aJICOPOCHTY 3
koedinientom posnoainy K,= 160 cranosuna m;= 0,05.
Po3zé’azyeannn. 3rimHo 3 dopmynow (5.4) s 000X BUNAAKIB
3aIUIIEMO:
— 1 — 1 .
" 1+mK, 1+m,-180°
_ 1 _ 1 1
" 1+m,K, 1+005-160 9’

3BizcH MUTOMa BUTpATa aJcOpOCHTY CTAHOBHUTH, KI/KT':

m, =m, -2~ 005190 _ g 944
K, 180

Ilpuknao 5.2. Buznauntu Koe(ilieHT OYMIICHHS BOAH TPUCTYIIEHEBOIO
3 MPOTUTEUIEI0 aACOPOII€I0, SIKIIO KOEPIliEHT pO3MOALTY aJcOpOeHTY
cranoButh K=60, a i#oro mnmuroma BuUTpatra nopiBHIoe m=0,05.
Bu3HauuTi KIiHIIEBY KOHIIGHTpAIlif0 3a0pyJaHIOBaya y BOII, SKIIO
noyarkosa craHoBUTh C,=2 MI/I.
Po3é’a3yeanns. 3rigHo 3 Gopmynoro (5.6) koedilliEHT OYUIICHHS BOIM
CTaHOBHTH

C,/C,

CK/CH

C,./C, =(0,05-60—1)/((0,05- 60)**' —1)= 0,025
KiHiieBa koHIIeHTpallis 3a0pyqHIOBaYa Y BO1, MI/JI;
C,=0,025%x2,0=0,05
Ilpuknao 5.3. BuzHaunTH, K 3MIHHTHCS KOHIIGHTpallisi 3a0pyIHEHb B
OYMINICHI BOJII TIPH MEPEXOJli BiJi OJTHOCTYIICHEBOI JI0 JBOCTYIICHEBOT 3
MOCTIZIOBHOKD Ta TPOTHTEYIE€l0 aJcopOiii, sKIo 3a0pyaHeHa Boja
Mmictina C,=25 Mr/n 3a0pyaHeHb, KOe(Iili€HT PO3MOILTY ancopOeHTY
K=150, 3aranpHa nmuToma BuTpata ajcopoenty m = 0,02.
Po3é’a3yeanna.llpu omgHOCTyneHeBit ancopOiii 3rimHO 3 (HopMyI0r0
(5.4) C, =25/(1+0,02x150) = 6,25 mr/n
Ilpu nBocTymeHeBi MOCHiAOBHIA anxcopOuii mHHTOMa BHUTpaTta
copOenty Ha 1 cryminb m = 0,02/2=0,01, Toxi, 3rigHo 3 popmyioro (5.5)
C, =25/(1+0,01x150)* = 4,0 mr/n
KonnenTtpariist 3a0pyiHeHb 3MeHIIUTHCS B 1,56 pa3iB (6,25/4,0).
[Tpu nBOCTYNEHEBiH aacopOIii 3 MPOTHTEUIEIO BCS BUTPATa COPOSHTY
MOJIAETHCS B OCTAHHIN CTYIiHb, TOMY, 3TiIHO 3 (hopmyiioro (5.6)
C, =(0,02x150 —1)/((0,02x150)>*" — 1) = 0,077 mr/n
Konnentpariis 3a0pynHens 3MmeHmmtbes y 81 pas (6,25/0,077)
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MOPIBHSHO 3 OJHOCTYIECHEBOK copOIliero, Ta B 52 pasu (4,0/0,077)
MOPIBHSIHO 3 TBOCTYIIEHEBOIO MTOCIiI0BHOIO COPOIII€TO.

Ilpuknao 5.4. Bu3HauuTH TPUBANICTh 3aXMCHOI il 1Iapy ajacopOeHTy
TOBIIMHOIO H=1,5 M, SIKIIO IIBUAKICTE (PPOHTY ancopOlii CTaHOBHUTH
u=0,01 m/ron, i TpuBamicts GopmyBaHHs QpOHTY aacopOuii 7,= 2,5
TOJI.

Po3é’a3yeanns. TpUBAICTh 3aXMCHOI Jii 1Iapy ajCcOpOCHTY 3HAXOAUMO
3a popmynoro (5.11) — 7, =(1,5/0,01)+2,5=152,5 roxu.

6. Ximiuni npounecu

3TiHO 3 BiJOMUM 3aKOHOM JIFOYMX Mac, IMIBUIKICTh IPOCTOT peaKilii
A+B—>C
BHU3HAYAETHCSA SIK
v =k[A][B]; (6.1)
ne [A} [B] - MOmApHI KOHIEHTpalii pearyrounx pEedyOBHH, YMOBHO
MMO3HAYCHUX B PeaKIlii K 4, B; k - KOHCTaHTa IIIBUIKOCTI PEAKIIii.
Konu peaxiist Mae Oinbpliie pearyroumx pedOBHH Ta WIE i3 PI3HUMH
CTEX10METPHYHUMH Koe(illieHTaMH, HaTPHKIIAI,

aA+bB+cC —> D,
TO i IBUAKICT BU3HAYAETHCS SIK
v=k[A]'[B)’[C] (6.2)
Koncmanma — weuokocmi  peakyii  CyTT€BO  3aJ€XKUTh  BiJ
TEeMIIepaTypH, 10 BU3HAYAETHCS 32 PIBHAHHIM AppeHiyca
ky = kge E/RT; (6.3)

ne k, 1 k,- BiANOBIZHO, 3HAYEHHS KOHCTAaHTH 0a30Be Ta TIpHU

temrnepatypi 7; e - OCHOBa HaTypaibHOro sorapudma; E - eHepris
aKkTHBamii peakuii; R - yHiBepcambHa razoBa crana; T - aOcomoTHa
TeMIeparypa.

[IpakTHYHO BIJMB TEMIIEPATypH BH3HAYAETHCS TMEMNEPAMYPHUM
Koegiyicnmom k,, SKUH BimoOpaxkae 3MiHY MIBUIKOCTI peakuii mpu

3Mini Temnepatypu Ha 10°C :
v, v, =k (6.4)

3HaveHHs bOTr0 Koe(illieHTa 3aJIGKHUTh BiJl PEaKIlii i 3HAXOAATHCSA B
Mexkax 2.4 (B cepemHbOMy - 3), MOCTYNOBO 3MEHIIYIOYHCH 1
HAOMIKAIOUUCh 10 1 mpu 301TbIIEHH] TeMIepaTypH.

Jnst 000pOTHHX peakiii, K st OyJb-IKOro 00OpPOTHOTO MPOILECy,
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BCTaHOBIIOETbCA  OUHAMIYHA pienosaea. B craHi Takoi piBHOBaru
peakuiss GpakTUYHO HE MPHUIHHAETHCS, alle IBUAKICTH MPSAMOI peakiii
JOPIBHIOE IIBUIKOCTI 3BOPOTHOI peakilii, Xoda 30BHI HEMOXJIHBO
BH3HAYUTH XiJ| IIUX MPOIIECIB.

Takum 4YMHOM, CTaH PiBHOBArd BiANOBiIa€ YMOBI

> o«

v=v; (6.5)
Ockinbku Juist peakiii A+ B <> C+D NBHIKOCTI MPSAMOi Ta

. > - « «
3BOPOTHOI peaKIIlil CTAaHOBJIATh v =k[A][B] Ta v=k[C][D],

TO B CTaHi PiBHOBaru
k[A][B]=k[C][D] (6.6)

OueBuHI epeTBOPEHHS PIBHAHHA (6.6) NO3BONISIOTH OTPHMATH B
OCTATOYHOMY BUTJISIII BUpa3 AJIsl BUSHAUCHHS KoHcmanmu pienogazu K

. (l: [A][B]
3BOPOTHOI peaKIil K=—="7"—+ 6.7
AN A FRTaY €D

Pipasinas (6.7) € 6a30BMM JUIsl pO3paxyHKy PIBHOBaru peaxiiiii 3
OTPUMaHH;IM HEPO3YMHHUX PEUOBUH, BHACIIZOK YOTO CTAE MOXKIIUBUM X
HACTYITHE TiIPOMEXaHIYHe BUIAAICHHS 3 BOJIH.

Jus peaxuii
ZnS0, +2NaOH < Zn(OH), 4 + Na,SO0,
3 YTBOPEHHSIM MaJIOPO3YMHHOTO TiIPOOKHCY IIMHKY, SKa B i0HHINA (opmi
MAa€ BHTIISIA
Zn*" +20H™ < Zn(OH), 4
Ma€EMO PiBHSIHHS CTaHy PiBHOBAaru
K, on,=1Zn" JJOH" |’ [[Zn(OH ), ] (6.8)

Buxopasun 3 MipKyBaHb, 10 PO3YHHHICTD T'IPOOKHUCY IUHKY JOCHTH
oOMexeHa, a Yy piBHAHHI (6.8) mMOBMHHA BPaxoOBYBaTHCh JIUILE
KOHIIGHTpAIlisl HOro PO3YMHEHUX HEIAMCOI[IHOBAHUX MOJIEKYJ, MOXEMO
BBaXATH, [0, MOYMHAIOYM 3 HAaWMEHIIOT HAsSBHOCTI HEPO3UMHHOTO
TIIPOOKKCY UMHKY, MAaTHMEMO B pO3YMHI  CTaly KOHIICHTPAIiIO
rigpookucy UuHKy: [Zn(OH),| = const .

Tomy BuzHAUMMO nokasHuk (000ymox) poszuunnocmi TPz, K

HOBY CTajly BEIUYNHY
1Pz, 0m), = K zuiom), [Zn(OH), | = [Zn**|[OH™1* = const (6.9)
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[loka3HHKH PO3YMHHOCTI OCHOBHHMX PEUOBHH HaBEACHI B XiMIYHHX
JOBIIHWKAaX 1 IIUPOKO BUKOPHCTOBYIOTbCS  JJII  PO3PaxyHKY
eeKTUBHOCTI XIMIYHMX TNPOLECIB 1 OYMIICHHS BOAM 3 YTBOPEHHSM
MaJOPO3YMHHHX CIOTYK.

Ilpuknao 6.1. BuzHauntH TemiiepaTypHHH KOe(ilieHT XiMidHOT
peakiii, IBUAKICTh SKOI 30UIBIIYEThCS y 2 pa3u IpHU 3MiHI TeMIepaTypu
3 12 1o 32 rpan.

Po3zé’azyeannsa. TemnepaTypHuil Koe(illieHT XIMIYHOI peakiii
3HAXOUMO 32 hopMyoto (6.4). OCKUIbKH 3rifHO i3 3aBAAHHA v, =2V, ,

MOXEMO 3aIHCcaTH
KGN0 _ g spinkm k=2

Ilpuknao 6.2. BuzHaunTH, MpH SIKMX KOHILIEHTPAIiAX iOHIB LIMHKY Ta
cynb(}ia-10HIB MOYHETHCS BUAUIEHHS B 0caj CyIb(iny IUHKY.
Po3é’a3yeannsn. JJoOyTOK pO3UMHHOCTI CYJIb(iTy IUHKY
Mp,s=1,6x107* 10610  Ilp,, =[Zn*"][S72]=1,6 X107,

3Bakaroud, M0 y MOJIEKYJi cynbdily UMHKY Ha OAMH 10H IMHKY
MPUINAAAE OJUH 10H CyIb(iay, MOISPHI KOHIEHTpalii IUX i0HIB OyIyTh
PIBHUMH, TOMY 100YTOK PO3UMHHOCTI MEPETBOPHATHCS:

p,omy, =1Zn*" [ Zn* | =[Zn*" | =1,6x107,

i MONIApHA KOHIIEHTpaIlis ioHiB IMHKY [Zn>"]=1,26x10""2 r-Momb/1.
Momnspaa maca tuHKY M7,=65 r. KoHLIeHTpallis i0HiB IIUHKY

Cz, = 1,26x10™" x 65 =81,9x10"" r/n=0,82x10"mr/a.
Monsipaa Maca cynbdin-iony Ms=32 r. KoHuenTpaiis cyiabQia-ioHiB

Cs = 1,26x10™ x 32 =40,3x10™"* r/1=0,40x10 " mr/a1.
[lpuy HasBHOCTI y pO3UMHI 3a3HAYEHHMX KOHIEHTpalid iOHIB
MOYMHAETHCS OCAa/DKyBaHHA ocaly cyinbdiay nuHKy. Lli xoHneHTparii
MOYKHA BBXKaTH 3AJIMIIKOBHMU JJISI PO3UMHY IICIS 0CAIKyBaHHSI.
Ilpuknao 6.3 BuzHaunTH, TpH SKUX KOHIIHTPAISAX 10HIB IUHKY Ta
TIPOKCU/I-10HIB MOYHETHCS BUJIUICHHS B OCaJl TIIPOKCUIY IIMHKY.
Po3eé’azysanns. JloOyTOK ~ PO3YMHHOCTI  TIAPOKCHUIY  IUHKY
Ip2,012=4,5x10"7, 10610 Hpy, 08, =[Zn* |[OH" | =4,5x107"7 .

3Bakaroud, 10 y MOJIEKYJII TiIAPOKCUAY LUMHKY Ha OAHMH 10H IUHKY
MPHUINAAAE 1BA 10HU TiAPOKCHAY, MOJSPHiM KOHUEHTpalii i0HIB LHUHKY
BIJINIOB1JIa€ JIBI MOJISIPHI KOHIIGHTPAIIIl 10HIB TiAPOKCHLY, TOMY JOOYTOK
PO3YMHHOCTI TIEPETBOPUTHCS:
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py,omy, =1Zn*1[0,5Zn** > = 0,25[Zn** |’ =4,5x107"7

i MONIApHA KOHIIEHTpAIlis i0HiB MHKY [Zn"]=5,65x10"° r-MomB/11.
MomnspHa maca tuHKY M7,=65 r. KoHLIeHTpallis i0HiB IIUHKY
Cz: = 5,65x10° x 65 =3,67x10™ r/1=0,367 mr/a1.
Momnspaa Mmaca rigpokcua-iony M,,=17 r. KoHueHTpalis Triapokcua-
ioHiB Con = 5,65x10° x 17/2 =0,48x10™ r/1=0,048 mr/x.
Ilpuknao 6.4 BuzHauuTu 103y BaIHSHOIO MOJIOKA ISl OCAXKYBaHHS
1OHIB IMHKY 3 pO3YMHY, lI¢ 1X KOHIIGHTpAI[isi CTAaHOBUTH 25 MI/IL.
AxTHBHICTH TOBapHOro mponaykry 30%. BusHauuTu KinbKicTh ocamy,
SIKMI yTBOPUTHCS TPU OCAHKyBaHHI.
Po36’azyeanna. 3amuuieMo PpIBHAHHS OCQUKYBaHHA IOHIB IUHKY
TIIPOKCUIOM KAJIBITIIO: 65 74 99
Z;za” + Ca(OH), = Zn(OH),| + Ca"’
X y

Hudpu Hax piBHAHHSAM O3HAYAIOTH MOJEKYJISpPHY Macy LUHKY (65),
rigpokcuay Kamiblifo (74) Ta rigpokcuny HUHKY (99), mia piBHSAHHIM —
pobo4y KoHIeHTpalito HuHKY (20). BiAmoBimHO 10 cTEXiOMETpHUYHOTO
PIBHSHHS OTPUMAEMO:

- MOTpiOHA KUIBKICTh peareHTy, Mr/im:  x = 74 x 20/65 = 22,8,
BpaxOBYIOUHM, [0 aKTHMBHA YacTWHA peareHTy craHoBUTh 30%, no3a
ToBapHOro BanHa X = 22,8/0,3=75,9 mr/m.

- KUIBKICTB OCafy, SIKHi yTBOPUTHCS, MI/i: 'y =99 x 20/65 = 30,5.
Ilpuxnao 6.5. Buznauut 103y comm JUiss HeEHTpamizallil KHCIOTH, SKa
YTBOPUTHCS TMPH BBEJCHHI KOAryasHTY TIHHO3eMYy a03010 200 mr/im.
Bu3HaunTH KUTBKICTH 0Cady, SIKHi YTBOPUTHCS TPH KOATYJISIIIT BOIH.
Po36’a3ysanna. 3anuineMo piBHSHHS TiIPOIi3y KOAryasHTY :

342 156 6
Al(SO,); + 6H,0 =2 AI(OH);| +6 H' +3 SO,
200 y x

KinbkicTh HaJUIMIIKOBUX 10HIB BOJHIO, sIKi OyayTh CTBOPIOBATH
KHCITy peaKIiito, MI/J: x=200x6/342=3,51,
KUTBKICTBh OCaJy, MI/JI: y =200 x 156 / 342 = 89,5.

PiBHsiHHS HelTpaizallii 10HIB BOTHIO CO/I00:

106 2
Na,CO; +2H = 2Na" + H,0 + CO,}
z 3,51

[ToTpiOHA KUTBKICTH COAM, MI/JI: z=106x3,51/2=186.
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7. BioximMiuHi mpouecn

IBuakicte (hepMEHTATUBHOI peakilii, BU3HAYeHa Yepe3 YTBOPEHHS
KiHIIEBOT'O IPOAYKTY (KoMIutekcy ES ¢pepMeHT-cyOcTpar), AOpiBHIOE
y=—TESI_ g (7.1)
dz
a0o, BpaxoOBYIOUHM KOHIEHTpalii nilounx pedoBuH ¢(epmeHty E Ta
cyocrpary S
= K. [E1IS]
K, +[S]
PiBusinust  (7.2) HocuTh Ha3By pisHanusa Mixaenica-Menmen.
KoediuienT K, Ha3UBAE€THCI KOHCMAHMOIO HACUYEHH.

(7.2)

BBiBIIM MOHSTTS MaKCHMaJIbHOI IIBUIKOCTI ()epMEHTATUBHOI PeaKIlii
Vinax, 3AIHAIIEMO PiBHSHHS (7.2) y BUDIISII
L)

K, +[S]
=0,5— K, =[S]. Lle cBiquuTs,

yv=

(7.3)

HeBaskko BU3HAYUTH, 1O IIPU  v/v,

max
0 KOHCMAHmMA HAcuYeHHs KITBKICHO JIOPIBHIOE —KOHUEHTpaIii
cyOcTpaTy, MpU SKid IMIBHJKICTH (PEPMEHTATHBHOI peakilii CTAaHOBUTh
MOJIOBUHY MaKCHUMAJIBbHOI IIBUKOCT.

IlBunkicte pocty Oiomacu dx/dT TPOMOPIIHA KOHIICHTPAIIl X
Oiomacu

dx/dt = px; (7.4)
Je g - MATOMA MIBUAKICTH pOCTY OiomacH.
Toni mns ¢asm morapudmidHOrO POCTYy TPU U =const TpH
iHTerpyBaHHi piBHSHHA (7.4) MaeMo
Inx=Inx,+ ur (7.5)
= v ohT
abo X =xye (7.6)
Ie  x, - KOHIeHTpamis OiomMack B MOMEHT 7=0 Ha MOYaTKy
norapudmivHoi Qasmu.

[NocTiifHiCTP MUTOMOI MIBHAKOCTI pOCTY Ma€ JIMIIE OKpPeMHUi
XapakTep, OCKUIbKM OloXiMiYHMH Tmporec, K 1 Oyab-ska XiMmiuHa
peakilisi, MPUHIUIIOBO € (DYHKIIE€I0 KOHIIEHTpAIllil pearyrouuX peuyoBHH,
70 SIKUX BIAHOCHTHCH 1 cyOCcTpaT. 3aneKHICTh MTUTOMOT IIBUAKOCTI POCTY
BiJl KOHIICHTpAIIIl CyOCTpaTy OMUCYEThCs MoOeno MoHo
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H= Hu (K +5)

ne Kg - KOHCTaHTa HaCH4YeHHS 1  p,, - MaKCHUMallbHa MUTOMA

HIBHJIKICTB pocTy Oiomacu. CTpyKTYpHO piBHSIHHS aHAJIOTi4HE PIBHAHHIO
Mixaemnica-MeHTeH.

Ao st pocTy nepioduunoi Kyibmypu OOMEXKEHHSM € JIUIIC
MoYaTKoBa KOHIEHTpalis CyOcTpaTy i peami3yeTbcs picT B 3aKpHUTIid
CHUCTEMI, TO MaTeMaTH4YHAa MOJENb TPOIleCY MOXe OyTH cgopmoBaHa
OYEBUHUMU PIBHSIHHIMU:

dx/dr = px;

s .

s+K, ’

x—xy =Y (5)—5);

HB= Piay (7.8)

1€ X,,X - IOYaTKOBa Ta IOTOYHA KOHLEHTpalis OioMacu B IpOLEC;
Sp»§ - IIOYAaTKOBA Ta IIOTOYHA KOHLEHTpauis cyocrpaty; Y -

EeKOHOMIYHHH Koe(ilieHT (BUXix 6ioMacH).

Exonomiunuii koegiyicum Buxomy 6ioMacy BUSHAYAETHCS 3 PIBHSHHS

y=2* (7.9)
As

B AKOMY Ax - 30UTbIIeHHS 6i0MacH 3aBISIKH CIIOKUBAHHIO cyOCTpary B
KUTBKOCTI As .

[ToBHY TpHBajicTh MEPIOAMYHOrO TPOIECY Ui OTPHUMAHHS
MaKCHUMaJIbHOT TPOAYKTUBHOCTI ()epMEHTepa MOXKHA pO3paxyBaTH 3a
PIBHSHHSAM

T,,=L-lni+rd; (7.10)
Ko X0
ne 7, - 3arajJlbHa TPUBAJICTh JONOMDKHHX IPOLECIB B LUK POOOTH
(dbepmenTepa.
A MakcuMaibHa npodykmueHicms (epMeHTepa mepiogudHol il
CTaHOBHUTUME P,= TL (7.11)

3 OCTaHHBOTO pIBHAHHS MOXXKHA BH3HAYWTH BIUIMB IapaMeTpiB
mpoliecy Ha MPOAYKTHBHICTH epMeHTepa.

Huis oonocmadiiinoco xemocmamy 1onada abo CTepuiibHa, a00 Mae
BITHOCHO HEBEJIMKY KOHIICHTPAIIIF0 0ioMacu, a TOMy JOLIJIbHO BBaXaTH

23



x,=0. Kpim Toro, anst OiibmIOCTI Oe3MepepBHUX KYIbTYp p>>a 1

TOMY CKJIagoBOIO 3arubeni OioMacH MOKHa 3HEXTyBaTH. Tomy
HIBHJIKICTB IPUPOCTY OioMacH BH3HAYAaEMO 32 POPMYIIOI0
dx X
L (7.12)
dt V
OCKUIBKY JUISI CTAJIOr0 CTaHy dx/ d7 =0, 0CTaTOYHO MAaTUMEMO

x
(D= —V —po3BelcHHS ) D=y (7.13)
4

MartepianpHuii 6anaHc JTIMITYIOUOT'0 CyOCTpaTy Mae BUTIIS

V xV  ds

Osy—0Os— B oy B 5

Y Y, dr
BigkuHyBIIM HE3HAYHI 32 BENWYMHOI BUTPATU CYOCTpaTy 3 OLIISAY
Ha X HE3HAYHWH BIUIMB Ha >KUTTEIISIIBHICTH OlOMacH i OTpUMaHHS
KIiHIIEBOTO MPOAYKTY, JUISL CTAJOro CTaHy 3 HYJbOBHM HAaKOIMMYEHHSIM

cyOcTpaTy MaTUMEMO

(7.14)

D(s, - 5) =% (7.15)

a00, 3 ypaxyBaHHsM piBHsIHHA (7.13),

x=Y(sy—5) (7.16)

3aMiHMBIIM B PiBHAHHI MOHO THTOMY IIBHAKICTH MPUPOCTY Ha

PO3BENICHHS, OTPUMAEMO KMOro MOJUQIKAI0 JUIS OJIHOCTAIHHOrO
XeMOoCTaTy

s

= —->D=D 7.17
H= Hn K, +s " K +s (7.17)
3BIKM BU3HAYMMO §
DK
s=—"—; (7.18)
D, -D
MiZICTAaBUBILM sIKe B PiBHAHHSA (7.16), oTpuMaeMo BUpa3
DK
x=Y(s5g——); 7.19
( 0 Dm —D), ( )
B sKoMy D, - MakcHMMaibHa IIBHJAKICTh PO3BEACHHS, NMPH SKii

BUMHUBaHHA HE OyJe MOBHUM 1 1€ JO3BOJIATUME (YHKIIOHYBaHHS
XeMOCTarTy.
Ilpooykmuenicms B O6e3nepepBHIil KyJIbTYPl BU3HAYAETHCS K
P, = Dx; (7.20)
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a00 3 BpaxyBaHHsM piBHSHHA (7.19)
P, = DY(s——2Rs (7.21)
D,—-D

3aJIeKHOCTI, OTpPUMAaHI IS OJHOCTAJIMHOrO XEMOCTaTy, LIJIKOM
CIpaBEIUIMBI 1 JJIs IEPIIOT CTAIT bacamocmaditino2o XeMOCTaTy.

CknazanHs ~ MmaTepiagpbHOro  OajmaHcy  Ans  Jpyroi  cramii
OJIHOIIOTOKOBOT'O XEMOCTATYy:

- 3a Giomacoro

dx
Ox; = 0x; + X,V =d_2; (7.22)
T
- 33 JIIMITOBAaHUM CyOCTpPaTOM
XV ds,
5, —0s, ——=—=—= 7.23
05, 05, -2 - 5 (7.23)

Po3B’s3yBaHHS 1HMX PIBHSAHD UIS 080CMAOJIHO20 OOHONOMOKOBO20
Xemocmamy 1a€ PiBHSHHS:

- 11 TepIoi craaii W =Dy; (7.24)
x; =Y (s)—51); (7.25)
- Ui ApyToi crauii =D, —ﬁ); (7.26)
X2
D
X, =—2-Y(51—5,); (7.27)
H,

Jus nmpyroi cramii JIBOXITOTOKOBOIO XEMOCTaTy, B SKOMY Jpyra
CTajlisi Mae JOJATKOBY IOAauy CYMIIll, 3aJeKHOCTI OyIyTh CYTTEBO

THIITUMH: m=D, —%; (7.28)
Vax,
Y L
xZ =_'(%+Q_S—D2s2) . (729)
I ) )
Anst cxemu i3 3ampumroro 6ananc 6ioMacH B XeMOCTATi OMTUCYETHCS
PIBHSHHAM ;ﬁ = ux—cDx— (1-c¢)Dhx (7.30)
T
dx
a60 = lu=Die(= )+ hl}x; (7.31)
T

JIe € - YaCTHMHA BUXIJHOT'O MOTOKY, 5IKa HE OCBITIIFOETHCH ;
hx - xoHIIeHTpaIlisg OioMacH y Bi(UIbTPOBAaHOMY MOTOIII.
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. . dx
B cranionapaomy crtasi npu e 0 oTpuMaeMo
T

u=AD; (7.32)
ne A=c(1—-h)+h - 1OKa3HUK 3aTPUMKHU.
SAKIO BUXIMHUN OCBITJICHWH TOTIK Bi(LILTPOBAHO MOBHICTIO, TO
h =0 irtoni A = c. Komu % B 1bOMy IOTOIli OioMaca 30BCIM HE
BiIaiIseThCcs, TO h—>1 1 A=h=1
Ockinbku c¢<1 1a h<1I1, To3aBkmu A<1 i tomy u<D.
[MlinctaBuBum B (7.32) 3HaueHHs 4 3 PIBHAHHSA MOHO, BU3BHAYNMO
KOHIIGHTpAIil0 CyOCTpaTy Ha BUXO/Ii 3 XEMOCTaTy
s=AK,D(u, — AD) (7.33)
Konnentpariiss  6iomacu, sKa  BCTaHOBUThCS B  XEMOCTATi,

CTaHOBUTUME x=(sy— s)%; (7.34)

OO0 CBiAYATH MPO MOXIWBICTh M[UIAXOM 3aTPUMKHA 30LTBLIMTH
KOHIIEHTpaIlito 0iomacu B 1/4 pa3iB.
[TpomyKTHUBHICT OMHUII 00’ €My XeMocTaty Oyze
P, = Dx[(1-c)h+c]; (7.35)
Posrnmsinatoun  aHANOTIYHO — 306HIWMHE  NOGepHeHHS  Oiomacu,
OTPUMAEMO DIBHSIHHS, BIANOBIAHO, AN KOHIEHTpaulii cyOcTparty,
KOHIIEHTpaIii 6ioMacH i MPOAYKTHBHOCTI CUCTEMH:

s=Bp—Xs . (7.36)
Hm —-BD
Y
x=E-(s0—s); (7.37)
P =BDx. (7.38)

Ilpuknao 7.1. Bu3HauuTH EKOHOMIUHUI Koe(ilieHT O0i10XiMi4HOTO
MpOIIECy, SKIO J03a Myity 3pocia 3 2,0 r/n g0 2,15 1/, a KOHIIEHTpaIlis
cyocrpaty 3a BIIK 3menmmnack 3 300 mr/in g0 20 mr/m.
Po3é’a3yeanns. [pupict Giomacu B mpolieci TOpiBHIOE
x—xy=2,15-2,0=0,15(r/a),

a 3MEHIICHHsI KOHIIEHTpalii cyocTpary

§o — 5 =300 — 20 = 280 (mr/) = 0,28 1/J1.

Exonomiuanii koe(ilieHT BUX0Ly OioMacH JA0piBHIOE
Y =0,15/0,28 = 0,536.
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Ilpuknao 7.2. Bu3HauuTd MaKcUMalbHY IIBUAKICTH (epMEHTATHBHOL
peakii, Ko i1 MBUAKICTh MPH KOHIIEHTpalii cyOcTpaTy, sika KUTbKICHO
JOPIBHIOE 3HAYEHHIO KOHCTAHTH HaCUYCHHS, CTaHOBUTH 0,08 MOJIB/XB.
Po3é’azyeannn. Buxonsuu 3 BU3HAYEHHS KOHCTAaHTH HACHYCHHS, 3a
¢dhopmyioro (7.3) MakcUMalibHA MBUKICTh CTAHOBUTH

S
Voax =V .2% =0,08-2 = 0,16 MOJTb/XB.

Ilpuknao 7.3. Bu3HauWTH NWUTOMY IIBUAKICTE pOCTy OioMach B
aepoTeHKY, SKIIO 3a 3 roj. aepalii KOHIeHTpalis 6GioMacH (103a Myiy)
30umbmyerhes 3 1,5 r/n no 1,7 v/
Po3zé’azyeannsn. 3a Gopmyioro (7.5) nmuromMa MBUAKICTH POCTy OioMacu
CTaHOBHTH
_In1,7-1nl,5
- 3
Ilpuknao 7.4 BuszHaunTH MakCHUMaJbHY MNUTOMY  IIBUJKICTb
v _CIIOKHBaHHS CyOCTpaTy Ta KOHCTaHTy K, HAaCHUYeHHS, SKIIO MpH

=0,04 rox’

KOHIIeHTpawii cyoctpary S, =120 Mr/i1 nutoMa IBUAKICTH CIIOKHBAHHS
cy6erpary v, cranoButh 0,05 Tox', a NpH KOHILEHTpalii cy6cTpaTy
§,=280 MI/1 mUTOMa MIBUJKICTH CIIOKUBAHHS CYOCTpaTy v, CTAHOBHTH
0,07 rox’".

Po3zé’azyeannn. 3a dopmyioro (7.3) 3anuieMo piBHSHHS IS MATOMOT
HIBHJIKOCT] CITOKMBaHHA CYyOCTpaTy y JBOX BUIMAJKAX:

0,120
0,05=v,, X———
"XTK,, +0,120
2
0,07 =v,,,, ¥ &
K, +0,280

Po3B’s3ytoun mro cucremy piBHSHB, oTpuMmaemo: K, =0,120 (1/7),
Vinax = 0,1 rox’.
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